Major changes have taken place in Swedish agriculture over the past five decades. The development may be characterised by increased mechanisation and specialisation of production. The number of large farms has increased and many small ones have disappeared. The use of agricultural chemicals, especially pesticides, has increased rapidly since the 1940s; some of these are suspected of being carcinogenic on the basis of animal studies and epidemiological studies of human populations.'2 The carcinogen may be the active ingredient, another ingredient, or a contaminant in the formulation. Most of these pesticides are now withdrawn from the Swedish market (including Dieldrin, Aldrin, and DDT). A review of the delayed health hazards of exposure to pesticides concluded that neither phenoxy herbicides nor dioxins could unequivocally be stated to cause cancer in man. 3 Another review has suggested, however, that exposure to phenoxy acid herbicides may be associated with an increased incidence of cancer.4 Accepted 19 December 1988 Agricultural workers in Australia, Canada, the United States, and several European countries have a lower overall risk for cancer.5 Reduced risks were also found for cancers of the colon, liver, lung, and urinary bladder.5 For cancer of the lip, stomach, prostate, skin, and for leukaemia and multiple myeloma the risks were shown to be increased.5 Swedish agricultural workers also have a decreased overall risk of cancer.6 For many individual sites, and especially for cancers of the respiratory tract the risks were found to be low. The risks for lip cancer, malignant melanoma, and skin carcinoma in the head and neck region, multiple myeloma, and stomach cancer were increased. 6 Studies of risks of cancer among workers who handle agricultural chemicals can assess the overall public hazards of cancer since they are probably exposed to higher levels than the general population. Since 1965 only licensed pesticide applicators have by law been allowed to handle the most acutely toxic pesticides in Swedish agriculture. They are, therefore, 810 an appropriate group for studying the health effects of pesticides.
The aim of this study was to generate new hypotheses about the associations between pesticides and cancer by studying risks ofcancer and their trends over time and by comparisng risks in different year of birth and year of license groups among Swedish licensed pesticide applicators. The study also included comparisons with agricultural workers, since most of the pesticide applicators are farmers. The difference compared with farmers is that applicators use and have used pesticides to a much greater extent.
Material and methods

COHORT
The study cohort consisted of 20 245 subjects (99% men, 1% women) who had a licence for pesticide application issued between 1965 and 1976 and who had a complete personal identification number. Only 18 of those with a licence were excluded owing to incomplete identification. About half the cohort were born in 1935 or later (table 1) . One third of the applicators lived in the southernmost part of Sweden where the use of pesticides has been and still is the highest in the country. Only 7% lived in northern Sweden. Half the licences were issued in the first two years after they became compulsory in 1965-6.
A random sample of 268 applicators in the cohort was studied with reference to the use of pesticides with information of trade name, number of application days a year and number of years, application method, the use of protective clothing, tobacco habits, and occupational history during the 1950s, 1960s, and 1970s. The response rate was 85%. The answers were coded and registered in computer files. The results of that survey have been reported in detail elsewhere and are briefly summarised here (J Dich et al, unpublished data).
The survey showed that only a few ofthe applicators in the cohort worked full time with pesticides. The most common occupations were in agriculture or Wiklund, Dich, Holm, Eklund forestry, or both (70%), and in horticulture (10%). The remainder were workers at grain stores, silos or seedshops, teachers at agricultural schools, millers, building workers, welders, carpenters, truckdrivers, bakers, brick workers, plumbers, metal workers, or turners.
Pesticides had been used one day or more in 1950-79 by 92%. About 20% had used herbicides during the 1950s. The corresponding figure was 51% for the 1960s and 68% for the 1970s. The most commonly used herbicide in all three decades was MCPA (4-chloro-2-methyl phenoxy acetic acid; CAS: 94-74-6), a phenoxy acid which has been used against weeds. In the 1950s and 1960s Dinoseb Fungicides have been used to a lesser extent than either herbicides or insecticides, 7%, 16%, and 31% respectively in the three decades. Maneb (ethylenebis (dithiocarbamato)manganese; CAS: 12427-38-2) was the most commonly used fungicide in the 1950s and 1960s. During the 1970s Triadimefon (1-(4-chlorophenoxy)-3,3-dimethyl-1-(1H-1,2,4-triazol-I -yl)-2-butanone; CAS: 43121-43-3) was in the first place.
The use of mercury as a seed disinfectant was most common in the cohort during the 1950s and 1960s.
The use of protective clothing has, despite special education, been only slightly more frequent than among farmers in general and as late as in the 1970s about 50% never or seldom wore mask, glasses, or dress when applying pesticides. Risk of cancer in pesticide applicators in Swedish agriculture increased risks in pesticide applicators were observed for testicular cancer (178), tumours in the nervous system (193) and endocrine glands (194, 195) , and for Hodgkin's disease (201).
Discussion
In the present study licensed pesticide applicators who have used the most acutely toxic pesticides in agriculture were found to have a decreased overall risk of cancer compared with the whole population. An explanation for the decreased overall risk could be that the cohort was selected in such a way that, for example, the applicators were brought up on farms and were healthy when they began their working careers. About 70% ofthose in the studied cohort were engaged in agriculture or forestry, or both. It is not possible to estimate the extent to which this selection has affected the results.
The lowest risks for pesticide applicators and for agricultural workers were found for those cancers that are considered to be associated with the use of tobacco and alcohol-oesophagus, liver, pancreas, larynx, and lung. A mail survey on smoking habits in Sweden in 1963 showed that 34% of the workers in farming, forestry, or fish industry smoked tobacco daily compared with 54% in other occupations." In 1981 the corresponding figures were 21% and 38% respectively.'2 In the survey in 1984 among the pesticide applicators 21% smoked daily, 33% were ex-smokers, and 46% were never smokers (J Dich et al, unpublished data).
The increased risks, found in both groups, for lip and skin cancers are supposed to be due to exposure to sunlight. [13] [14] [15] [16] No increased risk for multiple myeloma was found among pesticide applicators. In a study of Swedish farmers a raised risk but no time trend, nor any difference between different age groups, was found. '7 This suggested that probably no important carcinogen for multiple myeloma had been introduced during the past decades. The result from the present study does not contradict the hypothesis that modern pesticides are not a risk factor for this disease.
Higher risks for pesticide applicators than for agricultural workers were found for testicular tumours, tumours in the nervous system and endocrine glands, and for Hodgkin's disease. In a study of time trends in the risk of cancer among Swedish agricultural workers increasing trends were found for testicular and nasal cancer, where the relative risk increased from less than to above unity.9 Among pesticide applicators 18 and two cases respectively were found for these sites and for testicular cancer the risk tended to be raised. '9 Much attention has been paid to the association between the use of phenoxy acid herbicide and soft tissue sarcoma and malignant lymphoma. Several studies of farmers and other cohorts of exposed workers and several case-control studies concerning these cancers have been performed. 32 
